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The genus Ulva in Hokkaido, Japan was investigated using a molecular phylogenetic 
technique based on nuclear encoded ITS2 (Intemal Transcribed Spacer 2) sequences and 
morphological observations of ten species, including two unidentified species detected 
from 78 samples growing in this area. Six samples of U. prolifera O. F. Muller distrib- 
uted in the estuary of the Nobusha River and Furubira River possessed an identical 
sequence of the ITS2 region with U. procera (K. Ahlner) Hayden & al. from its type 
locality, Sweden. Unidentified species 1 ( Ulva sp. 1) had distinctive morphological char- 
acteristics such as a large crescent blade. Unidentified species 2 ( Ulva sp. 2) was not 
discriminated from U. compressa L. by morphology. 

Key words: Enteromorpha , Hokkaido, ITS2, molecular phylogeny, taxonomy, Ulva. 
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Fig. 1. Map of the sampling locations in Hokkaido, Japan. 
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Table 1. Samples of Ulya species used for molecular phylogeny in this study 
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Locality 

Collection 

date 
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C/, pertusa 
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2004/4/8 
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2004/9/15 
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Ulva sp. 1 
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NY56 (AB281135) 

Ulva sp. 2 

Rumoi 
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NY117 (AB275846), 119 (AB275847) 
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Fig. 2. Phylogenetic tree of the maximum likelihood analysis inferred from the nuclear encoded 
ITS2 region of Ulva. Umbraulva amamiensis and Umbraulva japonica were used as outgroups. 
Numerals at internal nodes are bootstrap values when >50% of 100 replicates. Shades indicate 
the species of Ulva distributed in Hokkaido. *includes NY3, 5, 75, 77, 78, 79, 82, 86, 95, 98, 
101, 115, 116, 122, 127, 142, 143; **includes NY11, 12, 13, 31, 32, 34, 41, 42, 45, 66, 67, 68, 
100, 110; ***includes NY8, 20, 21, 22, 23, 24, 25, 51, 52, 55, 58, 71, 76, 102, 103, 111, 112; 
****includes NY104, 105, 106, 107, 108, 109, 128, 129. 
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Figs. 3-8. Living thaili and cells of Ulva species. Fig. 3. U. pertusa (NY130), with holdfast (arrow head). 
Fig. 4. Cells in surface view of U. pertusa (NY127). Fig. 5. U. lactuca (NY125), with holdfast (arrow 
head). Fig. 6. Cells in surface view of U. lactuca (NY13). Fig. 7. U. armoricana (NY54). Fig. 8. Cells 
in surface view of U. armoricana (NY57). 
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Figs. 9-18. Living thaili, dry specimen and cells of Ulva species. Fig. 9. U. compressa (NY61). Fig. 10. 
Cells in surface view of U. compressa (NY118). Fig. 11. Dry specimen of U. intestinalis (NY92). Fig. 
12. Cells in surface view of U. intestinalis (NY92). Fig. 13. U. flexuosa (NY114). Fig. 14. Cells in 
surface view of U. flexuosa (NY114). Fig. 15. U. linza (NY112). Fig. 16. Cells in surface view of U. 
linza (NY112). Fig. 17. U. prolifera (NY109). Fig. 18. Cells in surface view of U. prolifera (NY109). 
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Figs. 19-22. Living thaili and cells of Ulva species. Fig. 19. Ulva sp. 1 (NY4). Fig. 20. Cells 
in surface view of Ulva sp. 1 (NY4). Fig. 21. Ulva sp. 2 (NY117). Fig. 22. Cells in surface 
view of Ulva sp. 2 (NY117). 
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ftftft^ff ft'ftlzg^JU7:\ S$8.7-(ftJ^ 
ll.l)—13.8 pm, fllUIE L < iifeftt t li£v> 
(Fig. 12). Måfå<v 

am it^W-e&Z. 

%mm : rty-MoMM BÆtø&ti77 
ab I) i i: TftKDjg § ft ft. 

Tf ft ; (ft ft "C (i , ft ft ft (McAvoy and 
Klug 2005) ft , få 7}C (Canter-Lund and 
Lund 1995) "CWflt n L /(i 3 'ab •Si. Shimada et al. 
(2003)12 i o XlkMMgj&frb ktfif $ftft 

tit 5 , ftftiftstyiiqjft 

§ft. 

y - f : ±J£7))I i), k77t7'J):OE 
WlÉLft lEItftfllftJeftliftft-RJeftft:' 
Mt 5 ab ft. 

6. ft 7 T l N 7 ft ft ’J Ulva flexuosa Wulfen 
fft ffeJÉft ; SS& Oshoro, Lift Ishikari. 


JUS! 1 S $85-335 mm, lpS3-8 mm, Jfl$ 
28.8-(¥#J29.0)-29.1 (am, ^#4ifNJt7:'jBtft 
ti, L> L <( li Jfl Of ft. • SftftTMi'ft Si. IB 

s$n.6- 

(ftJ£jl4.5)-16.3 |am, Jfc^tøiggi 1 rfcft', % 
ffiSSt:'^li#:i±«O^Hl2)AT) s S. (Fig. 14). 

ft trii tø få Ht 1 2 JH M tf 7) [/. californica 
wiiie t $ tix Si. jy.fi 

■f'ftMfiff/f' t>fpjp: (Shimada et al. 2003) t 
Bf$l2, Hf-i'VyfitXTx-f'/i 
L lifltf ftfåfiifté *9 , T f 7°il M (Duino, 

O'JT) 

Shimada et al. (2003)lifPf;Ll| L p-røt' i> ftf! 
Ir fft ef L T v ' Si. 

y- f : »wifgUMi±^'ti2#ti7:' 

Bliding (1963)li 5 I£fÉ 1 ^tllr B£fSc L7T V' 

4. SJ&jÉli&<#få1-ft-*fctø**JM h 
T ft 7 ’J 7) JU SO ft /j< L t V 1 7: ft (Bliding 
1963, p. 76, fig. 39a, Koeman and van den 
Hoek 1982, p. 45, fig. 113), ft få Ml ifthfiL 
4' 7 1 U. flexuosa subsp. linziformis Bliding 12 fS 
fatTV^c (Fig. 13). UtøTiM 12|f5 Lt 
li, ftT^lrøOPPM 4 * KUM W^M7J' 
ab -Si. 

7 . 7 22.757f 7 V Ulva linza L. 

ff ft JÉ.tX ; ft fT Oshoro, Monbetsu, 

®lt Hakodate, ft TU Teuri, ft ftfj Muroran, 
5tf Ishikari. 

JFT^ 1 S $20-380 mm, te4-37 mm, 
19.0-(ftftj34.2ftl7.3 |om, Sg|J fr b IB M V 
IrftL, 

sgu 4 ^#ttja jy.it i±2i Mift-e ab s (Fi g . 

15 ). mm 

li ft Pøl tø 4 ft: § $ •C, S $ 11.4-(ftft) 14.4)- 
18.1 pm, IEftfpyi2fiV>|Zg^fpy7:', |^HSi7? 
M#li»(O^Bi2ft;T)^ (Fig. 16). 

^^tøfig : U. prolifera O. F. Muller 4 C/. 
procera (K. Ahlner) Hayden & al. T 7) ful 12 fi 
ML, tf 12 {/. procera 1 7) jfrffi'Hy'/f: 4 ft t 

t - L : SgU#J£t 5 5ftiftS)^#;T) 3 'ii'fi#; 

ft b> ft /2. 
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8 . X. v T XX ') Ulva prolifera O. F. Muller 
-f/k® ilillil. ! 'fa-®'il I Nobusha River, r t T I P)l| 

Furubira River. 

MM 1 S $54-285 mm, feO.5-4 mm, W- 
$ 15.7-( 1 FJé) 25.0M3.3 pm, 

X , fe L< It 3 få i X j£. < 4> 

(Fig. 17). MlifKølW&X:# $■$', S$ 
11.9-( 5 P*éjl4.4)-19.0 pm, 

mx, mmmvmmfcuBi&mémizjA&i). 

VZ/iTtSVØZtitfcg ljt'§£v> (Fig. 
18). 

^ ifå É(l fi S i U. prolifera b |s] te $ ti fe X. 
X y h y > K Ythan Jl| <D jSJ p (Ythan 
Estuary) SMX <£ 0 fe , U. procera X 9 4 ~7°M 
j&-xh 4> x >7 x - r y <D$t b i£!i Xhh X b 

3& ? ZF$ti7t. 

5f4jp f&im.^o'^iaO'/SJP HÆW LTV'te. 
X-b I (1921) lig^OllrØ'/SJPit* 

$"ø?^7ia;^'tx>Ttxunov'T r--- 

V Ex, XipTPXTKii— 
livX;bfÆ_t-7>)J $IH«L, 7y'7t; 

’J $ V' 0 fP £: ft lf, Enteromorpha prolifera 
(O. F. Muller) J. Agardh X tc^Xtz. 4: 
ti£k$k, S^TiiMP* -1 

SM#V'If^yTt 7 ') u. 

prolifera (E. prolifera tf) X^f^i:^X 
X é fz (^jEB 1998, f f EB b 2005) . U. 
prolifera X9 4 XlULi&li f77“) • Uy'y 
M (Kjiopsu) xhh. 
filtr T B ^tjlrx y'7t7 'i t $ ti 

fz U. procera (0 9 4 ¥°i§ i& (i 77i“ ir" X • 

9 7”t7 (DJ5PSU) X, MfH3“D7 
7^ • /! li E il| X) (7; 7|C is& 'C 4) 4 . Blomster 

(2000) l±7t7'JI X>WfMX, ifif>20 PSU 
LLbTXLff X 4) X fy E. prolifera X , fftlmff 
(15 PSU) TiåiW Lf V' 4 0/) s E. procera X 
tbhb LTV'å. 

ztitzxtibi 

UH a - n '7 7N”-e|E«$ fix to i), MMMK 
feEsy^'iiLvx xtibxftm^wrmxM 
hj5ip±, 

tlz^t4>9i/7t4 VX^izmLXit, 
*®F$S X l± 7 ti t 77)11) U. prolifera t L, 
3-D y/1X<Dffi %%w%tzx. 


9 . t^IsJTeIS 1 Ulva sp. 1 

! ft Sn Oshoro, Ip-L Mashike, ® 

If Flakodate. 

MM : M $185-246 mm, lp§48-56 mm, 15 
$ 13.3-(¥^19.3)-22.3 pm, 3gfø(il®j£ < ± 

h h n tKustxfå < xmmx 

h4 (Fig. 19). BMitW1gi4±£ 
ffiZftzWftMX, S $ 26.3-( I P#J28.4)-31.9 
pm, 4 

(Fig. 20). 

MédM : TXTXXLftfeÆliT, 
ITS2 flit267 bp X GAP fe ff * 11 bpl^o 
XXtz (4.12%). 

4 - Y : HBi) tit 17 31 Ir få < 
itii'efR-^^'tev^ tfrb, 

ur<, i m * i n n * 

-5. 

10. 7^|ø]7eIM 2 t//va sp. 2 
fårfcitli. I $ ! p? ni) Rumoi, IrlTfT Yoichi. 
føW, S $86-164 mm, lpS4—6 mm, i?$ 
26.4-( I P^35.2)-59.9 pm, 1= 

tK • te^-e k 7 71 7 'J L X xz 

(Fig. 21). fflmttJZ&LMXZ 
MSftMX, S$17.8-( I P^22.7)-25.6 pm, 

^mxMBfeitmy&xmKiiWit& (R g . 
22 ). 

Mrøfig: m^mmmmx&xx9 4 

E 71 7 'J ( B ) $ ITS2 H±É256 bp ^ 
GAP fe^-*15 bp^^oTV>t: (5.86%). 

5f4n : -kMxMit^xx^^åX 4. bit^x. 
ii<<, ^«(±$^$#x.tbri£. 
x - r : as PTC I±k77tx')i« 
, ffaiEfi IK&tz i) 

WttRiftiKMtzl), r'fåzilrv^trtfå 

ttz, 

U¥4UMi4X'tø,t)TM£i 

Li~f. 
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ti n 

m n - k its2 mm tz»=?%mmir t m 
mmm k -cttit l 

JjS, tz /^|s)/tfift 2 tt5r'a'tj'10®^ 5 'lS<6 b fitz. 'MP 

iCåft^XyTt/'ja, Ztl tt' Ulva 
prolifera O. F. Muller [ = Enteromorpha prolifera (O. 
F. Muller) J. Agardh] t%ilX%tzifi, ##JI| t ^ 
+JI|<75Mn«12+WLTV>/2 6«#<7) ITS2ffit 
ODim.JIStlJ'll (i U. procera (K. Ahlner) Hayden & al. 

(DSMMi&Mtn-Xh-otz. *ra®ttlli:*fr 

h n mmift < * mm 

m % '&otz. 2 \i\zyT*j')t <d 
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